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(57) ABSTRACT 

An image compression system for compound images con 
taining both teXt and pictures. The system is capable of 
receiving the images on a non-overlapping 8 by 8 pixel 
blank basis and includes a discrete cosine transformer con 
nected to a quantizer draWing lossy quantization factors 
from quantization tables. The lossy quantization factors are 
modi?ed by a variable quantization subsystem based on the 
frequency of changes in the block to provide loW lossy 
quantization factors for high frequency of changes and high 
lossy quantization factors for loW frequency of changes. The 

CFR 1_53(d)_ high frequency of changes being indicative of text and the 
loW frequency of changes being indicative of pictures. The 

(21) Appl, No; 09/120,072 quantizer is connected to an entropy coder using lossless 
entropy encoding factors from Huffman tables to provide 

(22) Filed: Jul. 21, 1998 JPEG compliant ?les. 
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SYSTEM FOR VARIABLE QUANTIZATION IN 
J PEG FOR COMPOUND DOCUMENTS 

TECHNICAL FIELD 

[0001] The present invention relates generally to JPEG 
data compression and more speci?cally to JPEG data com 
pression for compound images having pictures and teXt. 

BACKGROUND ART 

[0002] JPEG is the name of both a committee and a 
standard. JPEG stands for Joint Photographic Experts 
Group, the original name of the committee that Wrote the 
JPEG standard. The JPEG standard is an international stan 
dard Which applies to the lossy and lossless compression of 
either full-color or gray-scale images of natural, real-World 
scenes. 

[0003] Lossy image compression compresses by striving 
to discard as much of the image data as possible Without 
signi?cantly affecting the appearance of the image to the 
human eye. Lossless compression is compression achieved 
Without discarding any of the image data. 

[0004] The JPEG standard Works Well on still photo 
graphs, naturalistic artWork, and similar material (Which are 
generally referred to herein as “pictures”), but not so Well on 
lettering, simple cartoons, or line draWings (Which are 
generally referred to herein as “teXt”). Compound images 
are those Which contain both pictures and teXt (Which are 
collectively referred to herein as “images”). In some cases, 
compound images contain pictures Which also contain teXt 
Within the picture itself. 

[0005] This standard is being used in the computer indus 
try. Popular graphics-capable broWsers on the World Wide 
Web can read and Write this particular type of image data 
format, so if a compressed image is sent across the Web to 
such a broWser, it knoWs hoW to decompress the image and 
display it. 

[0006] Compression is important for tWo main reasons. 
The ?rst is storage space. If there Will be a large number of 
images on a hard drive, the hard drive Will ?ll up very 
quickly unless the data can be greatly compressed. Com 
puters have ?Xed siZe buffers and limited memory, and an 
image has to ?t in them otherWise, the image cannot be 
stored in them. 

[0007] The second is bandWidth. If data is being sent 
through a broWser or through electronic mail, the more bits 
that need to be transmitted, the more time is required. For 
eXample, With a 288K modem it may take half an hour of 
Waiting for a picture to be completely transmitted. If a 50 to 
1 compression can be achieved, the same picture can be 
transmitted completely in about thirty seconds, and if com 
pressed properly, the recipient Will not notice the difference 
betWeen the original and the compressed version. 

[0008] For full-color images, the uncompressed data is 
normally 24 bits per piXel. JPEG can typically achieve 10:1 
to 20:1 compression on pictures Without visible loss, bring 
ing the effective storage requirement doWn to 1 to 2 bits per 
piXel. This is due to the fact that small color changes are 
perceived less accurately than small changes in brightness. 
Even 30:1 to 50:1 compression is possible With small to 

Jan. 3, 2002 

moderate defects, While for very loW quality purposes such 
as previeWs or archive indeXes, 100:1 compression is quite 
feasible. 

[0009] For gray-scale, and black and White images such 
large factors of compression are dif?cult to obtain because 
the brightness variations in these images are more apparent 
than the hue variations. A gray-scale JPEG ?le is generally 
only about 10%-25% smaller than a full-color JPEG ?le of 
similar visual quality With the uncompressed gray-scale data 
at only 8 bits/pixel, or one-third the siZe of the color data. 
The threshold of visible loss is often around 5:1 compression 
for gray-scale images. 

[0010] Although there are a number of settings that can be 
prede?ned to achieve different compression ratios, there is 
only one parameter, called the quality factor, that is adjusted 
regularly in JPEG on an image-by-image basis With one 
setting for an active image. The quality factor is a single 
number in an arbitrary, relative scale. A high quality factor 
Will provide a relatively high quality decompressed image, 
but Will require a relatively large ?le. And, of course the 
loWer the quality, the rougher the approximation of the 
image and the more compression With a correspondingly 
smaller ?le siZe, but also, the more visible defects, or 
artifacts, Will be in the decompressed ?nal image. TeXt 
generally shoWs signi?cant compression artifacts at higher 
quality factors than pictures. Further, the quality factor Will 
only give an approXimate end ?le siZe. 

[0011] Therefore, a long sought goal in image compres 
sion has been to maintain maXimum perceptible image 
quality While achieving maXimum compression. 

[0012] This goal is becoming more dif?cult to attain 
because compound documents are just starting to become 
more and more important. It has only been recently that it 
has become possible to drop pictures into teXt documents as 
much as can be done noW. Before, electronic transmissions 
Were either a teXt document or a picture document. NoW, it 
is more and more common to see a compound image Where 
someone is making a neWsletter or setting up a Website. 
People Want to drop in some pictures but also Want to have 
teXt as Well. So compound documents are becoming a more 
important, Whether it is just photocopying or just sending to 
a printer or transmitting across the internet, these have 
become a more important class of images. 

[0013] Also, most of the techniques that have been devel 
oped in the past for compound documents are based on 
proprietary (non-standard) compression techniques, so the 
images could only be decompressed using a speci?c com 
pany’s product. 
[0014] It has long been knoWn that the inability to mini 
miZe ?le siZe While maintaining high perceptual quality 
Would lead to detrimental compromises in performance so 
process improvements have been long sought but have 
eluded those skilled in the art. Similarly, it has long been 
knoWn that the problems Would become more severe With 
compound documents and thus a generally applicable solu 
tion has been long sought. 

DISCLOSURE OF THE INVENTION 

[0015] The present invention provides a simple metric for 
picture/text segmentation of compound documents in the 
discrete cosine transform domain. This alloWs areas of high 
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frequency content such as text to be compressed at a better 
quality than pictures, thus improving the overall perceptual 
quality While minimizing the ?le size. The metric is com 
puted using the quantized output of the discrete cosine 
transform. No other information is needed from any other 
part of the JPEG coder. 

[0016] The present invention provides an image compres 
sion system Which can be used to apply different, appropri 
ate quantization factors to small blocks of pictures and text 
to provide signi?cant image compression. 

[0017] The present invention further provides an image 
compression system capable of distinguishing betWeen text 
and pictures in compound images. 

[0018] The present invention still further provides for 
preserving the text quality Without sacri?cing bandWidth 
While at the same time being JPEG compliant. 

[0019] The present invention also provides an image com 
pression system Which is fully compliant With the latest 
extensions of the current JPEG standard. 

[0020] The above and additional advantages of the present 
invention Will become apparent to those skilled in the art 
from a reading of the folloWing detailed description When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 PRIOR ART is a schematic of a prior art 
baseline JPEG encoder; 

[0022] FIG. 2 is a schematic of a J PEG Part 3 encoder that 
supports variable quantization; and 

[0023] FIG. 3 is a schematic of a variable quantization 
subsystem of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0024] Referring noW to FIG. 1 PRIOR ART, therein is 
shoWn a baseline JPEG encoder system 10 for digital 
cameras, scanners, printers, imaging servers, etc. The JPEG 
encoder system 10 is for an image With a single color 
component. For color images, there Would be a JPEG 
encoder system 10 for each of the color components. 

[0025] The system 10 receives image pixels, or input 
digital image data, at an input 12 Which is connected to a 
discrete cosine transformer 14. The discrete cosine trans 
former 14 ?rst divides the input digital image data 12 into 
non-overlapping, ?xed length image blocks, generally 8 by 
8. After a normalization step, the discrete cosine transformer 
14 reduces data redundancy and transforms each ?xed 
length image block by applying a discrete cosine transform 
to a corresponding block of discrete cosine transform coef 
?cients. This transform converts each ?xed length image 
block into the frequency domain as a neW frequency domain 
image block. The ?rst coef?cient in the block, the loWest 
frequency coef?cient, is the DC coef?cient and the other 
coef?cients are the AC coef?cients (e. g., for an 8 by 8 block, 
there Will be one DC coef?cient and 63 AC coef?cients). 

[0026] Quantization tables 16 are operatively connected to 
the discrete cosine transformer 14. The quantization tables 
16 contain lossy quantization factors (scaled according to 
the factor) to be applied to each block of discrete cosine 
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transform coefficients. One set of sample tables is given in 
Annex K of the JPEG standard (ISO/IEC JTC1 CD 10918; 
ISO, 1993). These tables and the user-de?ned quality factors 
do not actually provide compression ratios per se, but 
provide factors indicating hoW much the image quality can 
be reduced on a given frequency domain coefficient before 
the image deterioration is perceptible. 

[0027] It should be understood that the tables represent 
tabulations of various equations. The look-up tables could be 
replaced by subroutines Which could perform the calcula 
tions to provide the factors. 

[0028] A quantizer 18 is connected to the discrete cosine 
transformer 14 and the quantization tables 16 to divide each 
frequency domain image block by the corresponding ele 
ment from the quantization table 16 to output the quantized 
discrete cosine transform output. 

[0029] An entropy coder 20 is connected to the quantizer 
18 and to Huffman tables 22. The entropy coder 20 receives 
the output from the quantizer 18 and rearranges it in zigzag 
order. The zigzag output is then compressed using run 
length encoding in the entropy encoder 20 Which is a lossless 
entropy coding of each block of quantized discrete cosine 
transform output. The entropy encoder 20 of the present 
invention uses Huffman codes from the Huffman tables 22 
although arithmetic coding can also be used. The Huffman 
codes exploit similarities across the quantized discrete 
cosine transform coef?cients. JPEG contains tWo sets of 
typical Huffman tables, one for the luminance or grayscale 
components and one for the chrominance or color compo 
nents. Each set has tWo separate tables, one for the DC 
components and the other for the AC. 

[0030] The bitstream out of the entropy coder 20 at output 
24 is a JPEG ?le 26 Which contains headers 28, tables 30, 
and data 32. The tables 30 contain information from the 
quantization tables 16 and the Huffman tables 22 of the 
appropriate information used in the processing of each block 
of data so the data can be properly decompressed. The data 
32 contains the output from the entropy coder 20 in a form 
of a compressed block such that a sequence of all of the 
compressed blocks forms the compressed digital image data. 

[0031] Referring noW to FIG. 2, therein is shoWn a JPEG 
encoder system 50 that supports the variable quantization of 
the present invention. The system 50 is compliant With the 
JPEG Part 3 standard. The same elements as in FIG. 1 are 
given the same numbers in FIG. 2. Thus, the system 50 
receives input digital image data 12 into the discrete cosine 
transformer 14 Which is connected to the quantizer 18. 

[0032] The quantization tables 16 are connected to a 
multiplying junction 52 Which is connected to the quantizer 
18. Also connected to the multiplying junction 52 is a 
variable quantization subsystem 54 Which is also connected 
to the entropy coder 20. 

[0033] The entropy coder 20 is connected to the quantizer 
18 and to the Huffman tables 22. The bitstream out of the 
entropy coder 20 at output 24 is a J PEG ?le 26 that contains 
headers 28, tables 30, and data 32. The tables 30 contain 
compression-related information from the quantization 
tables 16 and the Huffman tables 22 Which can be used by 
a JPEG decompresser system (not shoWn) to decompress the 
data 32 from the entropy coder 20. The quantization scale 
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factor from the variable quantization subsystem 54 are 
incorporated into the data 32 by the entropy encoder 20. 

[0034] Referring noW to FIG. 3, therein is shoWn the 
variable quantization subsystem 54 Which is operatively 
connected to the discrete cosine transformer 14. The discrete 
cosine transformer 14 is connected to a quantizer 58 in the 
variable quantization subsystem 54. The quantizer 58 has 
quantization tables 56 connected to it Which are the factors 
relating to the activity metrics. The quantizer 58 is the same 
as the quantizer 18. For simplicity, the quantization tables 56 
for the activity metrics are the same as the quantization 
tables 16 for the encoding, but this is not necessary. 

[0035] The quantizer 58 is further connected to an activity 
computer 60 for computing an activity metric, Mi, as Will 
later be described. The activity computer 60 is connected to 
a scale computer 62 for computing qscale as Will also later 
be described. The scale computer 62 is connected to the 
multiplying junction 52 to Which the quantization table 16 is 
connected. The discrete cosine transformer 14 as Well as the 
multiplying junction 52 are connected to the quantizer 18 as 
also shoWn in FIG. 2. 

[0036] In operation in the FIG. 1 PRIOR ART baseline 
JPEG encoder system 10, image pixels are divided into 
non-overlapping 8><8 blocks Where yi denotes the i-th input 
block. This division applies to all images including text, 
pictures, and compound images as Well as pictures contain 
ing text. After a normalization step, each block is trans 
formed into the frequency domain using the discrete cosine 
transform. 

[0037] Mathematically JPEG uses the discrete cosine 
transform in its processing. A discrete cosine transform in 
the frequency domain is based on the assumption that an 
image mirrors itself on both boundaries. This assures a 
smooth transition Without high frequency spikes, because 
those are very hard to compress. And the higher frequencies 
are very close to zero if there is a smoothly varying function. 

[0038] The output of the above step Will be a neW 8><8 
matrix Yi. Next, each element of Yi is divided by the 
corresponding element of the encoding quantization table 
Q6. Given Qe?, k], 

[0039] In the baseline JPEG encoder system 10, a single 
set of quantization tables 16 is used for the Whole image. For 
a cmpnd 1 ISO test image, the Whole image Would be 512 
pixels by 513 pixels. 
[0040] After quantization, the quantized discrete cosine 
transformer 14 output is rearranged in raster, or zigzag, order 
and is compressed using run-length encoding Which is a 
lossless, entropy coding using the Huffman tables 22 in the 
entropy coder 20. According to the JPEG standard, the 
quantization tables for each color component can be de?ned 
in the header tables of the JPEG ?le 26. The output of the 
entropy coder 20 is a sequence of compressed blocks Which 
form the compressed image Which can be decompressed by 
a standard JPEG decompression system. 

[0041] In operation, the variable quantization JPEG 
encoder system 50 of the present invention shoWn in FIG. 
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2 uses the JPEG adjunct standard (ISO/IEC JTCl CD 
10918; ISO, 1993) Which has been extended to support 
variable quantization. Under variable quantization, the val 
ues of the original quantization matrix can be rescaled on 
small blocks of pixels as small as 8 pixels by 8 pixels. 
Normally the quantization matrix stays the same for the 
entire image, but the adjunct standard alloWs these changes 
on a block by block basis. This change Was designed 
primarily for a rate control problem of getting the proper 
number of bits at the output. If a block is changed, the 
information can be put into the bitstream so that a decoder 
on the receiving end can undo it later. Thus, the various 
scaling factors are also encoded as part of the data bitstream. 
In principal, variable quantization alloWs for better rate 
control or more efficient coding Which is the original pur 
pose for the JPEG extension. 

[0042] Even though the latest JPEG extensions provide the 
syntax for the support of variable quantization, the actual 
Way to specify the scaling factors is application dependent 
and not part of the JPEG adjunct standard. 

[0043] The present invention alloWs for the variable quan 
tization of compound images. The JPEG encoder system 50 
of FIG. 2 automatically detects the text-part and the image 
part of a document by measuring hoW quickly pixels are 
changing in the incoming data. Black text on a White 
background changes very quickly from black to White and 
back again even Within a very small block of pixels. Picture 
pixels, for example the image of a human face, change much 
more sloWly through gradations of color. 

[0044] In the J PEG standard, the quantization is being 
done in a transformed domain, not on the pixels directly. The 
pixels are transformed through a linear matrix transform (the 
discrete cosine transform) into a frequency domain repre 
sentation, and the quantization is performed in the frequency 
domain. It is also in the frequency domain that the frequency 
components can be determined to ?nd hoW active a particu 
lar block is. The mathematical equation used is What pro 
vides an “activity metric”. The larger this activity metric 
turns out to be, the more things are changing Within the 8 by 
8 block. 

[0045] Also, the discrete cosine transform has the advan 
tage that it takes real numbers and transforms them into real 
numbers Which can be quantized. In this domain, it is 
possible to predict, roughly, hoW many bits it takes to 
represent the data that is actually in the block. 

[0046] To represent a given number, such as every number 
betWeen 0 and 15, the largest number is taken, and the log 
base 2 of this provides the number of bits required. In this 
case it Would be 4 because With 4 bits every number betWeen 
1 and 15 can be represented. 

[0047] Thus by taking the absolute value of the real 
numbers, taking the log base 2 of them, Which tells hoW 
many bits needed for each one and then summing them up, 
and that provides hoW many bits are needed to represent the 
data in the entire block. This number is going to be very 
large if there is a lot of activity because a lot of the frequency 
components Will be big, and it is going to be very small if 
the image changes sloWly because all the high frequencies 
Will be close to zero. 

[0048] Based on the discrete cosine transform activity of 
a block or a macroblock (a 16x16 block), quantization 
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scaling factors are derived that automatically adjust the 
quantization so that text blocks are compressed at higher 
quality than image blocks. Those skilled in the art Would be 
aWare that text is more sensitive to JPEG compression 
because of its sharp edges Which, if compressed too greatly, 
Would blur or have ringing artifacts (ripples around the 
edges). At the same time, images can be compressed greatly 
Without drastically affecting human-eye perceived differ 
ences in quality of the image. 

[0049] There are many Ways to measure activity in a 
block. One method to determine the discrete cosine trans 
form activity is to let Yi[i, k] denote the elements of the i-th 
output block of the discrete cosine transform so Yi[0, 0] 
denotes the DC component of the i-th block. In the present 
invention, the activity computer 60 uses the folloWing 
activity metric: 

[0050] Where the summation is performed over all ele 
ments of the Yi?, k] matrix, except Yi[0, 0]. (The above 
formulation assumes that arguments in the log2 function are 
alWays greater than Zero.) 

[0051] The motivation behind this metric is based on the 
fact that: (a) JPEG uses differential coding for the encoding 
of the discrete cosine coef?cients, and (b) the number of bits 
needed to code a DC transform coef?cient are proportional 
to the base-tWo logarithm of its magnitude. The equation 
does not (and does not need to) account for additional coding 
bits needed for the Huffman coding of either siZe or run/siZe 
information of the discrete cosine transform coef?cients. 
The number of these bits ranges from 2 to 16 per non-Zero 
coef?cient. Assuming that on the average c bits per non-Zero 
coef?cient are required for this purpose, then the folloWing 
method can be used to compute Mi, (and the overall bit rate) 
more accurately. 

[0052] In experiments, c=4. 

[0053] After de?ning an activity metric, the next step is to 
de?ne the relationship betWeen the activity measure and the 
quantiZation scale. 

[0054] The cmpnd 1 ISO test image is used as the standard 
compound image With computer generated text, a photo 
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graphic-type color image, and computer generated text 
Within the image. The top half is text and the bottom half the 
color image. This is a 512x513 pixels total image, With 
1,056 macroblocks (16x16 pixel blocks). The color image 
part starts at approximately the 508-th macroblock. 

[0055] The values of the activity metric, Mi, calculated in 
the activity computer 60 for each of the luminance macrob 
locks in the ISO test image is higher in the text regions of 
the image. HoWever, discrimination betWeen image and text 
areas is even better if Mi is computed using quantiZed values 
of Yi; that is, YQMJ. When the quantiZation matrices OM and 
O6 in quantiZation tables 56 and 16, respectively, are both the 
same as the one given in Annex K of the JPEG standard, 
activity values larger than 1.2 correspond to text areas in the 
image. It should be understood that the tWo quantiZation 
tables 56 and 16 could be different. Experiments shoW that 
the range of values for Mi for the ISO test image is consistent 
With the range of values obtained from other test images. 

[0056] Basically quantiZation varies inversely With the 
metric. If a higher metric means a higher activity, thus scale 
by less to quantiZe more ?nely or compress less. And then 
With a very small metric, scale the quantiZation very 
coarsely or compress more because the image is such a 
smooth block, that it does not matter hoW much quantiZation 
since it Will not be perceptible. 

[0057] The output of the scale computer 62 is qscale, 
Which denotes the parameter used to scale the AC values of 
the original quantiZation matrix, a value of qscale=0.5 is 
quite acceptable for the compression of text. On the other 
hand, values of qscale larger than 2 may yield serious blocky 
artifacts on an image. To simplify implementation, a linear, 
but bounded, relationship betWeen qscale and the activity 
metric is superior, such as 

[0058] Where a and b are constants to be de?ned based on 
desired output quality and compression ratios. One Way a 
and b can be de?ned is the folloWs. Let m1 denote the value 
of the activity metric, Mi, for Which qscale=1. Let mu denote 
the value of Mi for Which qscale=0.5. After solving tWo 
equations With tWo unknoWns: 

0.5 

ml _mu 

[0059] For example, if m1=0.6 and mu=1.2, then a=—0.83 
and b=1.498. 

[0060] The choices for m1 and mu effect compression ratios 
as folloWs. If m1 is increased, in effect more blocks are 
quantiZed With a qscale>1; thus compression is improved 
but image quality may be reduced. If mu is increased, the 
number of blocks that are quantiZed With qscale=0.5 is 
decreased; thus the quality of text is decreased, but the 
compression ratios are improved. 

[0061] In the variable quantiZation subsystem of FIG. 3 
shoWing the variable quantiZation method, the OM quanti 
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Zation matrix is the same as Q6, but this may not be always 
the case. For example, QM may be the same as Appendix K 
of the JPEG standard, but Q6, may be a custom quantization 
table. 

[0062] Using the above metric, the upper text areas in the 
ISO test image Were identi?ed as areas of high frequency 
activity, but also the text inside the color picture at the 
bottom half. 

[0063] The qscale is provided to the multiplying junction 
52 to control Q6, from the quantization table 16 to the 
quantiZer 18. 

[0064] It should be understood that the same method as 
described above may be used to adjust the chroma quanti 
Zation tables independently from the luminance tables using 
the same scaling factors. 

[0065] JPEG, itself, as a standard doesn’t specify What to 
do about color. But, What is commonly done, is to convert 
a color image into a luminance and chrominance represen 
tation so that it shoWs the brightness of the image With tWo 
other components that shoW the colorfulness. And it turns 
out that the human eye is much more sensitive to the 
luminance. A sloW transition from a red to an orange versus 
a sharp one Will not even be noticeable, but a sloW transition 
in luminosity versus a sharp one Will be noticeable as a blur. 
In the present invention, the activity metric is computed only 
for the luminance component to save on computation and 
then the chrominance is scaled the same Way. That turns out 
to Work reasonably Well on the chrominance as Well, 
because compound documents usually have black text on a 
White background and errors in the color are particularly 
noticeable. A little red fringe around each letter Will be seen 
immediately but it is less likely to be seen in an image. 

[0066] As Would be understood by those skilled in the art, 
the present invention has been described in terms of discrete 
components but it may be carried out in softWare or in 
dedicated integrated circuits. 

[0067] While the invention has been described in conjunc 
tion With a speci?c best mode, it is to be understood that 
many alternatives, modi?cations, and variations Will be 
apparent to those skilled in the art in light of the aforegoing 
description. Accordingly, it is intended to embrace all such 
alternatives, modi?cations, and variations Which fall Within 
the spirit and scope of the included claims. All matters set 
forth herein or shoWn in the accompanying draWings are to 
be interpreted in an illustrative and non-limiting sense. 

The invention claimed is: 
1. Variable quantiZation apparatus for an image encoder 

system having an interconnected transformer, quantiZer, and 
entropy encoder, comprising: 

variable quantiZation means operatively connected to the 
transformer and the quantiZer responsive to plurality of 
blocks of data from the transformer to determine the 
characteristics of a plurality of blocks of digital pixel 
data inputted to the transformer by computing an image 
related metric for each of the plurality of blocks of data; 

quantiZation factoring means connected to said variable 
quantiZation means for providing a predetermined 
lossy quantiZation factor for each metric; and 
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said variable quantiZation means including means for 
causing the quantiZer to apply a lossy quantiZation 
factor to each of the plurality of blocks of data based on 
said metric for the block of data to provide a plurality 
of blocks of quantiZed data to the entropy encoder. 

2. The variable quantiZation apparatus as claimed in claim 
1 Wherein: 

said variable quantiZation means includes scaling means 
for scaling said metric for each of the plurality of 
blocks of data to provide a loWer lossy quantiZation 
factor for metrics for predetermined types of images 
and a higher lossy quantiZation factor for metrics for 
other predetermined types of images. 

3. The variable quantiZation apparatus as claimed in claim 
1 Wherein: 

said variable quantiZation means includes: 

quantiZation tables for providing a predetermined lossy 
quantiZation factor for predetermined of blocks of 
data; 

a quantiZer connected to the transformer and said 
quantiZation tables for applying a lossy quantiZation 
factor to said each of said plurality of blocks of data 
to compute said metric for each of said plurality of 
blocks of data. 

4. The variable quantiZation apparatus as claimed in claim 
1 including: 

multiplier means connected to said quantiZation tables, 
said variable quantiZation means, and said quantiZer for 
applying a lossy quantiZation factor Which is a function 
of said metric and data to said each of said plurality of 
blocks of data. 

5. The variable quantiZation apparatus as claimed in claim 
1 Wherein: 

said variable quantiZation means computes the metric as 
an image activity metric according to the equation: 

Where: YiD,k] denote the elements of the i-th block 
output by the transformer; and 

Yi[0,0] denotes the transformed DC component of the 
i-th block. 

6. The variable quantiZation apparatus as claimed in claim 
1 Wherein: 

said variable quantiZation means includes scaling means 
for scaling said metric as an activity matrix for each of 
the plurality of blocks of data provided by the trans 
former as frequency data to provide a loWer lossy 
quantiZation factor for higher activity metrics propor 
tionally than a higher lossy quantiZation factor for 
loWer activity metrics Whereby one type of image is 
compressed at a higher quality While another type of 
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image is compressed at a loWer quality according to the 
equations: 

Where: a and b are predetermined functions of said 
activity metric. 

7. The variable quantization apparatus as claimed in claim 
1 Wherein said blocks of digital piXel data are 8 by 8 pixels. 

8. An image compression system capable of compressing 
teXt and pictures, comprising: 

a discrete cosine transformer capable of receiving an 
image in the form of a plurality of blocks of digital 
piXel data of the teXt and pictures, said discrete cosine 
transformer for applying a discrete cosine transform to 
said plurality of blocks of digital piXel data to provide 
a plurality of blocks of discrete cosine transform coef 
?cients representative of the frequency of changes in 
said digital piXel data Whereby a high frequency of 
changes indicates teXt and a loW frequency of changes 
indicates pictures; 

a variable quantiZation subsystem operatively connected 
to said discrete cosine transformer responsive to each 
of said plurality of blocks of discrete cosine transform 
coefficients to determine the activity of said digital 
piXel data by computing an activity metric for each of 
said plurality of blocks of discrete cosine transform 
coef?cients Whereby a high frequency of changes has a 
high activity metric and a loW frequency of changes has 
a loW activity metric; 

quantiZation tables for providing a predetermined lossy 
quantiZation factor for each activity metric Whereby a 
high activity metric has a loW lossy quantiZation factor 
and a loW activity metric has a high lossy quantiZation 
factor; 

a quantiZer connected to said discrete cosine transformer, 
said variable quantiZation subsystem, and said quanti 
Zation tables for applying said predetermined lossy 
quantiZation factor to each of said plurality of blocks of 
discrete cosine transform coef?cients based on said 
activity metric for each of said plurality of blocks of 
discrete cosine transform coefficients to provide a plu 
rality of blocks of quantiZed data; 

Huffman tables for providing a predetermined lossless 
entropy encoding factor for each of said predetermined 
of blocks of discrete cosine transform coef?cients; 

an entropy coder connected to said Huffman tables and 
said quantiZer to apply a lossless entropy encoding 
factor to each of said plurality of blocks of quantiZed 
data to output a plurality of blocks of compressed 
entropy coded data in a digital ?le With the lossy 
quantiZation factor and the lossless entropy encoding 
factor applied to each of said plurality of blocks of 
compressed entropy coded data. 
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9. The image compression system as claimed in claim 8 
Wherein: 

said variable quantiZation subsystem includes a scaling 
computer for scaling said activity metric for each of 
said plurality of blocks of discrete cosine transform 
coefficients to provide a loWer lossy quantiZation factor 
for higher activity metrics proportionally than the lossy 
quantiZation factor for loWer activity metrics Whereby 
the teXt is compressed at a higher quality While the 
pictures are compressed at a loWer quality. 

10. The image compression system as claimed in claim 8 
Wherein: 

said variable quantiZation subsystem includes: 

quantiZation tables for providing a predetermined lossy 
quantiZation factor for predetermined of blocks of 
discrete cosine transform coefficients; 

a quantiZer connected to said discrete cosine trans 
former and said quantiZation tables for applying a 
lossy quantiZation factor to said each of said plurality 
of blocks of discrete cosine transform coefficients to 
compute said activity metric for each of said plural 
ity of blocks of discrete cosine transform coeffi 
cients. 

11. The image compression system as claimed in claim 8 
including: 

a multiplying junction connected to said quantiZation 
tables, said variable quantiZation subsystem, and said 
quantiZer for applying a lossy quantiZation factor Which 
is a function of said activity metric and discrete cosine 
transform coefficients to said each of said plurality of 
blocks of discrete cosine transform coefficients. 

12. The image compression system as claimed in claim 8 
Wherein: 

said variable quantiZation subsystem computes the activ 
ity metric according to the equation: 

Where: Yi?, k] denote the elements of the i-th block 
output by the discrete cosine transformer; 

Yi[0,0] denotes the transformed DC component of the 
i-th block; and 

the log2 arguments are greater than Zero. 

13. The image compression system as claimed in claim 8 
Wherein: 

said variable quantiZation means includes scaling means 
for scaling said activity metric for each of said plurality 
of blocks of discrete cosine transform coefficients to 
provide a loWer lossy quantiZation factor for higher 
activity metrics proportionally than a higher lossy 
quantiZation factor for loWer activity metrics Whereby 
the teXt is compressed at a higher quality While the 
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pictures are compressed at a lower quality according to 
the equations: 

Where: a and b are predetermined functions of the 
activity metric. 

14. The image compression system as claimed in claim 8 
Wherein: 

said variable quantization means includes scaling means 
for scaling said activity metric for each of said plurality 
of blocks of discrete cosine transform coefficients in 
macroblocks of 16 by 16 blocks to provide a loWer 
lossy quantization factor for higher activity metrics 
proportionally than a higher lossy quantiZation factor 
for loWer activity metrics Whereby the teXt is com 
pressed at a higher quality While the pictures are 
compressed at a loWer quality according to the equa 
tions: 

Where: a and b are predetermined functions of the 
activity metric. 

15. The image compression system as claimed in claim 8 
Wherein said blocks of digital piXel data are 8 by 8 pixels. 

16. An image compression system capable of compress 
ing teXt and pictures, comprising: 

a discrete cosine transformer capable of receiving an 
image in the form of a plurality of blocks of digital 
piXel data of the teXt and pictures, said discrete cosine 
transformer for applying a discrete cosine transform to 
said plurality of blocks of digital piXel data to provide 
a plurality of blocks of discrete cosine transform coef 
?cients representative of the frequency of changes in 
said digital piXel data Whereby a high frequency of 
changes indicates teXt and a loW frequency of changes 
indicates pictures; 

a variable quantiZation subsystem operatively connected 
to said discrete cosine transformer responsive to each 
of said plurality of blocks of discrete cosine transform 
coef?cients including: 

subsystem quantiZation tables for providing a prede 
termined lossy quantiZation factor for predetermined 
of blocks of discrete cosine transform coefficients; 

a quantiZer connected to said discrete cosine trans 
former and said subsystem quantiZation tables for 
applying a lossy quantiZation factor from said quan 
tiZation tables to said each of said plurality of blocks 
of discrete cosine transform coefficients to provide a 
plurality of quantiZed data blocks; 
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an activity computer connected to said quantiZer for 
calculating an activity metric for each of said quan 
tiZed data blocks With high frequency data having a 
high activity metric and loW frequency data having a 
loW activity metric; 

a scaling computer for determining predetermined rela 
tionships betWeen said activity metric and quantiZa 
tion scale for said quantiZation table; 

quantiZation tables for providing a predetermined lossy 
quantiZation factor for each of said plurality of discrete 
cosine transform coef?cients; 

a multiplying junction connected to said scale computer 
and said quantiZation tables for scaling said predeter 
mined lossy quantiZation factor by calculated amounts 
and providing predetermined, scaled, lossy quantiZa 
tion factors; 

a quantiZer connected to said discrete cosine transformer 
and said multiplying junction for applying said prede 
termined, scaled, lossy quantiZation factor to each of 
said plurality of blocks of discrete cosine transform 
coefficients to provide a plurality of blocks of quantiZed 
data; 

Huffman tables for providing a predetermined lossless 
entropy encoding factor for each of said predetermined 
of blocks of discrete cosine transform coef?cients; 

an entropy coder connected to said Huffman tables and 
said quantiZer to apply a lossless entropy encoding 
factor to each of said plurality of blocks of quantiZed 
data to output a plurality of blocks of compressed 
entropy coded data in a digital ?le With the lossy 
quantiZation factor and the lossless entropy encoding 
factor applied to each of said plurality of blocks of 
compressed entropy coded data. 

17. The image compression system as claimed in claim 16 
Wherein: 

said variable quantiZation subsystem computes the activ 
ity metric according to the equation: 

Where: YiD,l(] denote the elements of the i-th block 
output by the discrete cosine transformer; 

Yi[0,0] denotes the transformed DC component of the 
i-th block; and 

the log2 arguments are greater than Zero. 
18. The image compression system as claimed in claim 16 

Wherein: 

said variable quantiZation means includes scaling means 
for scaling said activity metric for each of said plurality 
of blocks of discrete cosine transform coefficients to 
provide a loWer lossy quantiZation factor for higher 
activity metrics proportionally than a higher lossy 
quantiZation factor for loWer activity metrics Whereby 
the teXt is compressed at a higher quality While the 
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pictures are compressed at a lower quality according to 
the equations: 

Where: a and b are predetermined functions of the 
activity metric. 

19. The image compression system as claimed in claim 16 
Wherein: 

said variable quantization means includes scaling means 
for scaling said activity metric for each of said plurality 
of blocks of discrete cosine transform coefficients in 
macroblocks of 16 by 16 blocks to provide a loWer 
lossy quantization factor for higher activity metrics 
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proportionally than a higher lossy quantiZation factor 
for loWer activity metrics Whereby the teXt is com 
pressed at a higher quality While the pictures are 
compressed at a loWer quality according to the equa 
tions: 

Where: a and b are predetermined functions of the 
activity metric. 

20. The image compression system as claimed in claim 16 
Wherein said blocks of digital pixels. 


